ABSTRACT. C5L2, a G protein-coupled receptor, is known to be a functional receptor of acylation-stimulating protein, which is a stimulator of triglyceride synthesis and glucose transport. A novel C5L2 variant (S323I) was identified and its association with familial combined hyperlipidemia (FCH) was recently reported. We looked for this SNP in three Chinese ethnic groups, including Han, Uygur, and Kazakh controls and patients with FCH and type 2 diabetes. One hundred and eighty-two unrelated subjects (77 of Han, 57 of Uygur, and 48 of Kazakh) with FCH were genotyped by direct sequencing, and 852 subjects (342 of Han, 338 of Uygur, 172 of Kazakh) with type 2 diabetes and 200 healthy controls (67 of Han, 72 of Uygur, Familial combined hyperglycemia, DM and C5L2 and 61 of Kazakh) chosen from a cardiovascular risk survey study were genotyped with PCR-RFLP analysis. All 182 subjects with FCH, 99.5% of the type 2 diabetes patients and 100% of the healthy controls were successfully genotyped. Neither the FCH subjects nor the type 2 diabetes patients were found to have the S323I variant. This variant was also not identified in the healthy controls. We found no evidence to demonstrate that the S323I polymorphism contributes to familial combined hyperlipidemia or type 2 diabetes in the Chinese population.
INTRODUCTION
Acylation-stimulating protein (ASP), also known as C3a des-Arg, as a stimulator of either triglyceride synthesis (Faraj et al., 2004; Xiang et al., 1999; Cui et al., 2009a; Paglialunga et al., 2009) or glucose transport (Saleh et al., 2009; de Lind van Wijngaarden et al., 2010) has previously been well documented. C5L2, a G protein-coupled receptor, was demonstrated to be a functional receptor of ASP (MacLaren et al., 2007; Cui, et al. 2009b ). Kalant et al. (2005) previously demonstrated that ASP binds to C5L2, initiating a cascade of events that includes phosphorylation, β-arrestin translocation, and receptor internalization. Activation of C5L2 initiates a signaling pathway that includes protein kinase C activation and translocation and glucose transporter translocation (Cianflone, 2003; Cianflone et al., 2003; Maslowska et al., 2005) . Also the activation of this pathway results in increased glucose transport and fatty acid esterification, leading to a net accumulation of adipose triglyceride stores. Therefore, C5L2 was selected as a candidate gene of hyperlipidemia and diabetes mellitus. Although there are 52 single nucleotide polymorphisms (SNPs) for the human C5L2 gene listed in the National Center for Biotechnology Information SNP database (http://www.ncbi.nlm.nih.gov/SNP), the reported studies of these SNPs as regards cardiovascular disease were quite rare. Recently, Marcil et al. (2006) have identified a novel C5L2 variant (S323I) in a French-Canadian family with familial combined hyperlipidemia (FCH). This SNP was associated with increased plasma levels of triglyceride, cholesterol, low-density lipoprotein (LDL) cholesterol, apolipoprotein B, and ASP. Accordingly, this SNP may be an important genetic basis contributing to FCH and other cardiovascular diseases. However, to date there have been no data reported regarding other ethnicities. In the present study, we attempted to scan this SNP in the three Chinese ethnic groups including Han, Uygur, and Kazakh with FCH or type 2 diabetes mellitus.
MATERIAL AND METHODS

Subject selection
The Cardiovascular Risk Survey (CRS) study, as described previously (Xie et al., 2010b) , is a multiple-ethnic, community-based, cross-sectional study designed to investigate the prevalence, incidence, and risk factors for cardiovascular diseases and to determine the genetic and environmental contributions to atherosclerosis, CAD and cerebral infarction of Chinese Han, Uygur, and Kazakh populations in Xinjiang of western China from October 2007 to March 2010. We used a stratified sampling method to select a representative sample of the general population of Chinese Han, Uygur, and Kazakh of this area. Seven cities (Urumqi, Kelamayi, Hetian, Zhaosu, Fukang, Tulufan, and Fuhai) were chosen and, based on the government records of registered residence, one participant was randomly selected from each household. In this way, a total of 14,618 participants (5757 Hans, 4767 Uygurs, and 4094 Kazakhs), were randomly selected from 26 villages of these seven cities and invited to participate. This study was approved by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University and was conducted according to the standards of the Declaration of Helsinki. Written informed consent was obtained from the participants. From these 14,618 people, we recruited 182 unrelated subjects (77 of Han, 57 of Uygur, and 48 of Kazakh) with FCH for the present study. All of these subjects were examined in the absence of lipid-lowering medication. The FCH subjects were identified according to criteria described previously (Marcil et al., 2006) . In addition, we also selected a large sample of 852 subjects (342 of Han, 338 of Uygur, 172 of Kazakh) with type 2 diabetes and 200 healthy controls (67 of Han, 72 of Uygur, 61 of Kazakh) from the CRS study. Diabetes mellitus was defined as the presence of an active treatment with insulin or an oral anti-diabetic agent; for patients on dietary treatment, documentation of abnormal fasting blood glucose, or glucose tolerance test based on World Health Organization criteria was required for establishing this diagnosis (Xie et al., 2009 ). The healthy controls were selected according to criteria described previously (Xie et al., 2010a) .
Biochemical analysis
Serum and plasma collected for measurement were immediately frozen at -80°C until analysis. We measured the serum concentration of total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, and glucose using equipment for chemical analysis (Dimension AR/AVL Clinical Chemistry System, Newark, NJ, USA) employed by the Clinical Laboratory Department of the First Affiliated Hospital of Xinjiang Medical University as described previously (Xiang et al., 2009; Yang et al., 2010) .
Sample DNA extraction
Blood samples were collected with a standard venipuncture technique and EDTAcontaining tubes. DNA was extracted from peripheral vein blood leukocytes using a whole blood genome extraction kit (Beijing Boiteke Corporation, China).
Genotyping of S323I polymorphism
For these 182 subjects with FCH, genotyping was confirmed by polymerase chain reaction (PCR)-direct sequencing analysis. As regards the 852 patients with type 2 diabetes and those 200 healthy controls, genotyping was performed by PCR-restriction fragment length polymorphism (RFLP) analysis. The primers were designed according to the pro-Familial combined hyperglycemia, DM and C5L2 tocol of Marcil et al. (2006) and their synthesis was performed by Shanghai Biological Engineering Company Limited (Shanghai, China). The reaction system and genotyping methods were used as described previously (Marcil et al., 2006) . To ensure the results to be verified, we used sequenced genomic DNAs as positive controls in our assays. After being purified, the amplification products were directly sequenced using the dye termination method on an ABI PRISM 3100-Avant Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) employed by the BGI (Huada Gene Company; http://www.genomics.cn/ navigation/index.action; Beijing, China). Of the genotyped samples, 10% were duplicated and there was at least one positive and one negative control per 96-well DNA plate in our assays. The accuracy of the genotyping was determined by genotype concordance between duplicate samples. We obtained 100% concordance between the genotyped duplicate samples for each of the SNPs.
RESULTS
Characteristics of study participants
The study cohort consists of 182 subjects with FCH, 852 patients with type 2 diabetes, and 200 healthy controls. The clinical and metabolic characteristics of the study population are shown in Table 1, Table 2 and Table 3 .
Genotyping results
The length of amplification products by PCR was 431 bp across the S323I variant. All these 182 subjects with FCH were successfully genotyped by using the direct sequencing method. Also there were 852 patients with type 2 diabetes and 200 healthy controls successfully genotyped by using the RFLP method. However, the S323I variant was not identified in FCH subjects, in diabetic patients and also in healthy controls (Table 4 and Figure 1 ).
DISCUSSION
In the present study, the S323I polymorphism of the C5L2 gene was genotyped in 182 subjects with FCH, 852 patients with type 2 diabetes, and 200 healthy controls. We did not identify this variant in these three ethnic groups (Han, Uygur and Kazakh) of Chinese population.
The C5L2 receptor located on chromosome 19q13 is the region that was identified to be associated with FCH and the pre-diabetic state by genome-wide scan study (Aouizerat et al., 1999; Huertas-Vazquez et al., 2005) .
Therefore, we attempted to identify the variations in the C5L2 gene and to analyze their association with FCH, diabetes, and cardiovascular disease. In a previous study, Marcil et al. (2006) identified a novel variant in the C5L2 gene, a non-synonymous mutation, which is an AGC to ATC variant resulting in an S323 to I substitution. This led to altered ASP bioactivity and was associated with FCH in a French-Canada family. Nevertheless, the distribution of this variant in other ethnic groups remains unclear. SBP and DBP = systolic and diastolic blood pressure, respectively; BUN = blood urea nitrogen; Cr = creatinine; TG = triglycerides; TC = total cholesterol; HDC-C and LDL-C = high-and low-density lipoprotein cholesterol, respectively. Table 1 . Characteristics of subjects with familial combined hyperlipidemia. For abbreviations, see legend to Table 1 . Table 3 . Characteristics of healthy controls. (100) 342 (100) 67 (100) 57 (100) 338 (100) 72 (100) 48 (100) 172 (100) 61 ( China is the most populous country in the world and with 56 ethnic groups. The Han ethnic group makes up over 92% of China's population. The remaining 55 ethnic groups are collectively called minorities. Xinjiang is part of the ancient Silk Road and borders eight countries including Russia, Kazakhstan, Kirghizastan, Tajikistan, Pakistan, Mongolia, India, and Afghanistan. There are more than 13 ethnic groups living in this area. Among them, the Uygur people account for 46%, Han account for 40%, and Kazakh account for 7%. In the present study, we genotyped the S323I variant in these three ethnic groups. It is important to understand the genetic profiles of the C5L2 gene and to recognize the role of S323I variant on FCH and type 2 diabetes in Xinjiang of China. Nevertheless, we did not find the S323I mutation in these three ethnic groups, which may indicate that there was no evidence to demonstrate that the S323I polymorphism is one molecular basis contributing to FCH and diabetes in the Chinese population. This is a possible explanation for the following reasons: 1) FCH/diabetes is a multifactorial disorder, and not all subjects have a C5L2 mutation; 2) this mutation (S323I) appears to be relatively rare. Also, there may be other as not yet recognized mutations in the coding region; 3) genotypic milieu may play an important role. Therefore, due to the important role of S323I variant, the distribution of this mutation in other ethnic populations merits further investigation. Familial combined hyperglycemia, DM and C5L2
Limitation of this study
This study has several limitations. First, in the present study we only investigated one variant, S323I, rather than other variants in the C5L2 gene. This fact may underestimate the role of the C5L2 gene although the main aim of the present study was to investigate the role of S323I. Second, due to the absence of additional samples of plasma and serum of the participants, we did not measure the plasma concentrations of ASP and apolipoprotein B. Third, we investigated this variant in three ethnic groups including Han, Uygur, and Kazahk, the remaining 10 minorities in Xinjiang were not investigated in the present study.
CONCLUSIONS
In these 182 patients with FCH and 852 subjects with type 2 diabetes, we were not able to identify the S323I variant of the C5L2 gene. This result suggests that the S323I variant may not be a molecular basis contributing to FCH and type 2 diabetes in the Chinese population.
